The aim of this research is to assess the mechanical strength and durability performance of the concrete incorporating various contents of the ordinary Portland cement and w/c. Besides, it has been undertaken to study the effect of curing methods on compressive strength of the concrete as well as the physical properties, which are investigated in terms of density, absorption and volume of permeable voids as an (porosity). Many researchers consider these physical properties as an indicating signs on the permeability of the concrete, or in other words, they were as an indirect method to measure the permeability and to evaluate it.
Introduction
Permeability is an important factor that largely affects the durability of hardened concrete. Permeable concrete allows water and chemicals to penetrate, which, in turn, reduces the resistance of the concrete structure to frost, alkali-aggregate reactivity, and other chemical attacks. Water that permeates into reinforced concrete causes corrosion of steel rebars. Furthermore, impervious concrete is a prerequisite in watertight structures, such as tanks and dams [1] .
Permeability tests of concrete are of value, (1) To determine the rate of leakage through the walls of a structure such as a concrete pipe. (2) To determine the effects of variations in the cement and aggregates, or the effects of various operations in mixing, placing, and curing. (3) To estimate the relative durability and life of concrete as affected by the corrosive action of percolating waters. (4) To determine basic information on the internal pore structure of concrete, which is related directly to such items as absorption, capillarity, resistance to freezing and thawing, shrinkage, etc.. and (5) To compare the efficiencies of waterproofing materials [2] ?
These tests are classified as direct and indirect methods of determining permeability. Various absorption methods, including ASTM (C 642), are used. Direct water permeability data can be obtained by using the Army Corp of Engineers CRC (C 163-92) test method for water permeability of concrete using a triaxial cell. A test method recommended by the American Petroleum Institute for determining the permeability of rock is also available [3] .
A number of absorption-related properties are used to indicate the porosity and durability potential of concrete. Absorption, initial surface absorption (ISAT), prostivity, and apparent volume of permeable void (AVPV) are each fundamentally a measure of capillary absorption or absorption rate of concrete [4] .
The absorption tests have been standardized in many countries (for example, in Great Britain: BS 1881 Test for Determining the Initial Surface Absorption of Concrete. In North America: ASTM Test Method for Specific Gravity, Absorption, and Voids in Hardened Concrete, (C 642), ASTM Test Method for Evaluating the Effectiveness of Materials for Curing Concrete, (C 1151), and ASTM Test Method for Measurement the Rate of Absorption of Water by Hydraulic Cement Concretes, (C 1585). In addition, in Australia: AS1342); however, the differences in the test limits and procedures create considerable variation in sorptivity measurements [5] .
Generally, concrete properties and durability are influenced by curing condition, which greatly affects the hydration of cement [6] . Curing prevents the loss of moisture from the concrete surface (especially in a hot, windy, or dry weather condition), supplies the necessary moisture, and maintains a favorable concrete temperature for a sufficient period of time so that the surface develops adequate durability by reducing the porosity by the necessary hydration of cement particles at the surface. Therefore, curing has a significant influence on the scaling resistance of surface, especially in the presence of deicing chemicals. Durability of a good quality, properly placed, and finished concrete cannot be ensured unless it is adequately cured [7] .
To examine the durability performance, the physical characteristics of concrete (density, absorption, and volume of permeable voids as porosity) are employed. In this paper, the objectives of this study were to investigate the effect of different mix proportions of concrete (cement content and w/c) as well as the curing conditions (moist cured and air cured), on the mentioned physical properties mainly, besides the compressive strength.
Physical Characteristics of Concrete
Physical tests on concrete can be divided into three basic types [8] : 1. Tests to determine strength (compressive / tensile); 2. Determination of density and excess voidage; 3. Tests to assess pore structure (absorption / permeability).
Bulk Density
is the mass per unit volume of the material. It can be used together with moisture content and specific gravity to calculate a stabilized/solidified (S/S) material porosity and degree of saturation. These properties are related to durability and leach ability, although the relationship is not simple. It can also be used to assess the homogeneity of the (S/S) material. Bulk density can also be used together with mass change factor to calculate volume increase due to treatment [9] .
Specific Gravity
is a measure of the solid density of a material relative to the density of water. This property is generally needed to calculate other physical properties [9] .
Absorption
is a measure of multi-dimensional capillary absorption of water into concrete. The amount of water absorption of a concrete depends on the porosity and its interconnectivity, the moisture condition or degrees of internal drying and the temperature of the water [4] .
The absorption is considered to be related to the resistance of concrete to weathering, since if no water entered its pores, there would be little or no disintegration caused by freezing or thawing or by aggressive waters. However, actual tests show no reliable correlation of total absorption with durability of concrete, but some correlation appears to exists between the rate of absorption and durability [2] .
Most concrete is only partly saturated and the initial ingress of water and dissolved salts is dominated, at least initially, by capillary absorption rather than either water permeability or ion diffusion. Wide varieties of water absorption tests on concrete have been developed. These tests measure the weight gain of a sample, volume of water entering the sample, depth of penetration, or a combination thereof, by either complete immersion of dry samples in water, exposing only one face to water, or spraying the specimen surface with water. Absorption is measured either at a single, arbitrary time or by measuring the rate of absorption (by change in mass). Although in all these tests the absorption process is proportional to the square root of time over a specified time, the positivity varies a great deal between test methods [5] .
Volume of Permeable Voids (Porosity)
The volume of permeable voids (VPV) is an important property of concrete as it affects the transport mechanisms through the concrete such as ingress of aggressive liquids and gases. Conventional normal weight concretes have (VPV) values of about (12%-16%) [10] . The ASTM (C 642) method measures the volume of permeable voids (VPV) as a percentage of the volume of the solid. The Australian Standard (AS 1012.21) test method has been adapted from the ASTM method. It measures the apparent volume of permeable voids (AVPV) as a percentage of the volume of the bulk materials, i.e. solid and voids [4] .
There is no doubt that porosity defined as the total volume of the overall volume of pores larger than gel pores, expressed, as a percentage of the overall volume of the hydrated cement paste, is a primary factor influencing the strength of the cement paste [11] .
Porosity is one of the major parameters, which influence the strength, and durability of concrete. The porosity of a porous material, such as cement paste, mortar, concrete and other porous material can be determined by measuring any of two quantities; bulk volume, pore volume or solid volume. The porosity is the fraction of the bulk volume of the material occupied by voids [12] .
The durability of concrete is related to the evolution of its porous network. The porosity of the concrete affects its mechanical strength but also its transfer properties. High porosity is detrimental to the strength and permeability of a concrete, particularly if the pores are of large diameter and connected [13] .
The porosity of concrete is largely developed during the setting period. Settlement of the solid particles causes the water to rise and form many water channels. Some of the water is trapped below the aggregate particles, and some fills the fine interstices among the cement particles. Hydration of the cement produces a gel which decreases the size of these water voids and increases the water tightness of the concrete but the voids are never eliminated [2] .
Experimental Program
This part deals with the various materials used in the present investigation, their choice, grading and relevant properties. It also discusses the tests performed and the selected specifications for the experimental part of the research.
Materials
The materials used throughout this research were locally available materials. They included cement, fine aggregate, and coarse aggregate, with no additives used.
Cement
A local manufactured cement known as "Badoosh Tawsee" brand from Badoosh cement factory is used during this study. The cement complies with Iraqi specifications (IQS, No. 5, 1984) . The physical and chemical properties are given in tables (1) and (2) respectively. 
Mixing Water
Ordinary drinking (tap) water was used for mixing the concrete.
Fine Aggregate
Coarse sand in accordance with (BS 882 : 1983) was used in this investigation, normally available in the "Kanhash" area. Its main properties are listed in table (3). 
Mix Proportions and Specimens Preparation
Mix proportioning of the ingredients were designed using the current British Method (DOE). The aggregate were considered in (saturated surface dry) condition. Five mix proportions were prepared maintaining different cement content and (w/c). Details of the mixes are shown in table (5) . Mix designations M1 to M5 are corresponding to the mix proportions. For each mix, cube specimens (100x100x100) mm were prepared in the laboratory according to (BS 1881: part 108:1983). Slumps of the fresh concrete mixes were measured in accordance to (BS 1881: part 102:1983), before the mix ingredients were cast into the molds. The samples kept in their molds for about 24 hr., then demolded, and subjected to two different curing conditions, moist cured and air cured for 28 days, table (5) shows the values of slump of the mixes used as well as the values of compressive strength under each curing condition. 
Test Methods
At the end of curing period, 3 specimens were tested for each concrete property. Compressive strength of the concrete specimens was tested according to (BS: 1881:part116:1983). Density, absorption, and volume of permeable voids (porosity) were tested and calculated according to ASTM (C 642-97) [14] .
In this test, water absorption can only take place in pores, which were unoccupied during drying and filled with water during the immersion period. These pores can be considered as penetrable pores and therefore, the absorption of the concrete sample after immersion in water until saturation indicates its penetrability [15] .
This boiling test is of importance since it determines percentage of water absorbed which reflects the amount of voids in concrete, and this would give an idea of concrete capability to retain water and its potential to corrode [16] .
Results and Discussions
Comparing the values of compressive strength of the specimens, tested at 28 days after curing under two different regimes are shown in table (5) and fig.(1) . It is apparent that the compressive strength of the moist cured specimens, exhibited better performance as compared to that of the air cured specimens. The development of good compressive strength for specimens under moist curing is credited to sufficient moisture, which maintained to continue the hydration of cement. This also indicated that the compressive strength of concrete not influenced by the overall water content but rather by moisture movement in the concrete specimens [6] . (1) shows the role of curing on the compressive strength of the concrete. Under an efficient curing method such as moist curing, the relative humidity is above 80%, enabling the hydration of cement to continue. Conversely, the concrete specimens, water loss or moisture through evaporation and become dry in the absence of proper curing. When hydration stops, sufficient calcium silicate hydrate cannot develop from the reactions of cement compounds and water. Calcium silicate hydrate is the major strength providing reaction product of cement hydration. It also acts as a porosity reducer and thereby results in a dense microstructure in concrete. Therefore, an efficient curing is inevitable to prevent the moisture movement or evaporation of water from concrete surface. This can be accomplished by keeping the concrete element completely saturated or as much saturated as possible until the water-filled spaces are substantially reduced by hydration products [6] .
Ultimately, the concrete can achieve higher strength and greater resistance to physical or chemical attacks in aggressive environments. Therefore, a suitable curing method is essential in order to produce strong and durable concrete [8] . A number of factors, such as amount of cement, amount of water, types of ingredients, mix proportions, curing, temperature, age, size and shape of specimen, and test conditions affect the compressive strength [17] . Fig.(2) shows to the rate of increase of compressive strength of specimens cured under the two regimes, with the increase in the quantity of cement for the concrete mixes. Also, the compressive strength decreases with increase in (w/c), this means that when the cement content is maintained constant and the amount of mixing water is increased, the strength decreases, this is explained by fig.(3) for both curing conditions. From table (6), the results of bulk density indicates that an increase in (w/c), leads to a decrease in bulk density. An increase in (w/c) implies a decrease in cement content and an increase in water content, this reduces the overall weight of the concrete. Increased cement content, another factor, is seen to have an increase in the bulk dry density and bulk density after immersion and boiling of the concrete, since it has the highest specific gravity among concrete ingredients. It is also apparent from table (6) that the moist cured specimens showed more density than the air cured specimens. This is due to the fact that moist cured specimens become saturated and causing the production of more (C-S-H) gel which also contributes to the increase the bulk density [18] .
The water absorption has emerged as the most useful parameters explaining the moisture dynamics of concrete. The water absorption mainly depends on the total volume of pores (porosity) [19] .
From table (6) , it was observed that a reduction of the water absorption was accomplished with a reduction in (w/c), this is evident in both concrete specimens cured differently. The results indicated that the water absorption increases with an increase in water content of the mixes, besides, it was also indicated that the water absorption was much affected by the extra water added into the mixture since it increases capillary porosity of concrete. However, a relatively higher (w/c) produces a weaker and previous matrix, leading to higher capillary porosity that is turn responsible for the increase in water absorption [20] .
The cement content of the concrete mixes has a particularly strong effect on the water absorption properties of concrete specimens, although the water absorption values are, in both cases, reduced with an increase of cement quantity which consequently enhancing the durability of concrete.
Concrete mixes which records higher absorption is due to the porous nature of the mix itself, this creates internal network or path way that allows the flow of water into the concrete [21] .
From the durability point of view, it was found that the durability of concrete was very much affected by the curing condition. At moist cured, concrete specimens give better durability performance that represented by the values of absorption after immersion and absorption after immersion and boiling which were less than the state of air cured. As well as, the durability behavior can be explained by the relationship between the compressive strength and water absorption, also the relationship between bulk dry density and water absorption in figs. (4) and (5), respectively. In the procedure of the absorption test, the drying operation withdraws not only the mechanically suspended water but also some of the colloidal water more tenaciously held in the cement gel. Hence the absorptions, or porosities indicated by the absorptions, are larger than for the usual temperature-humidity environment of the concrete [2] .
The porosity obtained in the boiling test is the volume of permeable voids in the concrete. This volume is a method of determining the water absorption after immersion in water at room temperature, after immersion and boiling, and the "volume of permeable voids (VPV)" or volume of water absorption after a period in boiling water of a hardened concrete sample. The high temperature affects both the viscosity and the mobility of the water molecules which may enable the greater displacement of pore system within the hardened concrete. This is shown in the relationship between absorption and the absorption after boiling in fig.(6) [4] . Table ( 6) shows the volume of permeable voids, (i.e. pores containing evaporable water) obtained from the water absorption tests. This volume as appeared roughly corresponds to the total capillary porosity and as table (6) indicates, it decrease with the advance of cement hydration and lowering of (w/c) in the two regimes of curing.
The porosity of concrete is determined by [4] : 1. type of cement and other mix constituents; 2. concrete mix proportions; 3. compaction and curing.
The porosity of concrete is highly dependent on the (w/c) and (aggregate/cement) ratios whereas the type and amount of cement affect the pore size distribution and chemical binding capacity of the concrete. Both strength and transport characteristics are linked to the pore structure of the concrete. Concrete with low porosity usually has high strength and high resistance to the penetration of aggressive ions [4] .
An increase in water content increases the voids in concrete, which decreases the durability, watertightness, and of course the compressive strength. Early theories on concrete strength have established a relationship between compressive strength and void content and the void/cement ratio. These relationships are similar to the compressive strength /(w/c) relationship, and stress the importance of cement content and low void content in achieving good performance concrete. Thus it should be understood that good dense concrete requires a sufficient amount of cement plus properly graded aggregates to reduce the void content [17] . The water content should be enough to guarantee complete hydration of Portland cement. Any excess water added to the mix increases the void content, which in turn decreases the quality of concrete. But it should be recognized that insufficient amount of cement means an inadequate amount of binder, and the resulting concrete is definitely of lower quality. In summary, although the (w/c) is a convenient way to design the mix, good quality concrete requires a sufficient amount of water, well-graded aggregates, and a minimum amount of mixing water [4] . This can be represented by the relationship between compressive strength and porosity in fig.(7) , besides the relationship between porosity and (w/c) in fig.(8) . It was observed that the bulk density decreased with an increase in porosity, fig.( 9) explained that. At 28 days, for the moist cured specimens, the porosity (volume of permeable voids) lower compared to air cured specimens, thus the water permeability is lower. As well as it was observed that there was a noticeable difference between the porosity of the air cured specimens and the moist cured specimens. This shows when sufficient amount of water is present, the hydration of cement can continue.
Consequently, the total porosity of the concrete is reduced as the probability of pores being either blocked or narrowed down by continued formation of hydration products are increased [23] . This fact is also confirmed by other researchers who reported that the duration and quality of curing of the fresh mix determine the process of hydration and the volume of hydration products, which may eventually fill the capillary pores and reduce their permeability [13] .
Below 95% relative humidity it is believed that the rate of hydration will be slowed to the extent that no further reduction in large porosity will occur even though hydration itself will not actually cease until 80% relative humidity. This is significant as both strength and durability are related to porosity, with large porosity having a particularly large influence on durability [24] .
6.Conclusions
On the basis of the experimental investigation carried out, the following conclusions can be drawn: 1) Concrete mix proportion parameters such as the amount of cement and the (w/c), impact strongly on the mechanical strength and the durability performance of the final products.
2) Curing conditions play a major role in the physical and mechanical properties of the concrete. Relatively small changes in the overall moisture content of hardened concrete produced considerable changes in the physical characteristics and mechanical strength. This indicated that an assuming adequate hydration, the method of curing influences concrete behavior not so much through the overall moisture content, but rather the moisture distribution (gradient) in the concrete.
3) From the results, it can be seen that durability is more related to (w/c) than compressive strength. As the water content reduces, the paste content grows reducing the volume of capillary pores and thus showed a reducing trend of water absorption as well as porosity as a volume of permeable voids, in addition the bulk density increases.
4) From the relationship between the bulk dry density and porosity values, it was observed as the density decrease due to the increase of strength, and the hydration, as a result, the porosity increased.
5) A good correlation was also observed between the (w/c) and the porosity values, i.e. the (w/c) increase considerably with the increase of porosity.
6) From the relationship between compressive strength and porosity, a good correlation was also observed, it was shown that the reduction in porosity leads to rise in the compressive strength of the concrete, this is similar to the relationship between the water absorption and compressive strength, consequently the relationship between the water absorption and the bulk density.
